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Abstract 
 
This study was conducted to evaluate the population structure 
and genetic diversity of six Sudanese native chicken populations 
collected from different areas. Three of the six populations were Large 
Beladi, collected from Zalingei (LBZ =16), Damazein (LBDa = 17) and 
the third (BAL = 48) was obtained from the European Collaborative 
Project on Chicken Biodiversity (AVIANDIV project) collected from 
Khartoum state. Two populations of Bare Neck were collected from Abu 
Naama (BNAb = 18), and El-Obeid (BNOb = 12) whereas the only 
Betwil population  was collected from the Nuba Mountain (BT = 36). As 
reference populations, six purebred lines and six African populations 
from Malawi and Zimbabwe were selected for comparison with the native 
chicken of Sudan. A drop of blood samples from wing veins were 
collected into classic filter cards FTA and genomic DNA was extracted by 
phenol-chloroform method. DNA fragments produced by Polymerase 
Chain Reaction (PCR) amplification were visualized as bands on 8% 
polyacrylamide gel and investigated using 29 microsatellite markers.  
The study revealed that the total number of alleles across the 
populations was 201 with an average of 5.3 alleles per population. The 
mean number of alleles per locus was 6.93 ± 3.52 and ranging from three 
[(MCW103),  (MCW098), (MCW248), (MCW165)] to 17 [(LEI234)]. 
XIII 
 
Moreover the results obtained from this study showed that all the 29 loci 
were polymorphic. The mean of the observed heterozygosity across all 
the 29 loci was 0.524,  and  ranging from 0.461 ± 0.023 for Large Beladi 
Zalingei (LBZ) to 0.578 ± 0.022 for Bare Neck El-Obeid (BNOb), while 
the mean of the expected heterozygosity was 0.552 and ranging from 
0.507 ± 0.031 for LBZ to 0.581 ± 0.026 for BNOb. The total inbreeding 
coefficient (FIT) was 0.069±0.112 and almost fully explained by within 
population, while the inbreeding coefficient of subpopulations (FST) was 
0.026±0.049 indicating the absence of clear sub-structuring of the 
Sudanese native chicken populations; whereas inbreeding coefficient (FIS) 
was 0.036±0.076. These three mentioned parameters comprised the 
fixation indices.  The pairwise fixation coefficient value of 
subpopulations (FST )  with the smallest genetic distance was obtained  for 
LBDa vs BNAb and the largest genetic distance was found for LBZ vs 
BNAb.  
Network tree was constructed from the MEK using Splitstree 4 
software package. A Structure software program was used to cluster 
individuals to 2≤k ≤7 assuming clusters to be examined. The solutions 
with the highest similarity coefficient (97 and 99 identical runs out of 100 
run STRUCTURE ) were found at K =5 and K=6, in which Malawian, 
Zimbabwian, and purebred lines split out as independent clusters and the 
six Sudanese native chicken populations clustered into one population  
XIV 
 
The results from this study led to a rejection of the hypothesis 
that Sudanese native chicken are sub-structured across breeds and agro-
ecological zones. The results indicated the presence of high genetic 
diversity within the Sudanese native chicken populations and highlighted 
the  uniqueness of these populations their being genetically distinct from 
other village chickens from similar African production systems and pure 
bred lines. 
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 ﻣﻠﺨﺺ اﻟﺪراﺳﺔ
أﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﻟﺘﻘﻴﻴﻢ اﻟﺘﺮآﻴﺒﺔ اﻟﻌﺸﺎﺋﺮﻳﺔ واﻟﺘﺒﺎﻳﻦ اﻟﻮراﺛﻲ ﻟﺴﺘﺔ ﻣﻦ ﻋﺸﺎﺋﺮ اﻟﺪﺟﺎج اﻟﺒﻠﺪي 
ﻤﻌﺖ ﻣﻦ زاﻟﻨﺠﻲ اﻟﺴﻮداﻧﻲ ، ﺟﻤﻌﺖ ﻣﻦ ﻣﻨﺎﻃﻖ ﻣﺨﺘﻠﻔﺔ ﺛﻼﺛﺔ ﻋﺸﺎﺋﺮ ﻟﻠﺪﺟﺎج اﻟﺒﻠﺪي اﻟﻜﺒﻴﺮ ﺟ
ﻓﻲ دراﺳﺔ ( 84=ن)واﻟﻌﺸﻴﺮة اﻟﺜﺎﻟﺜﺔ ﺟﻤﻌﺖ ﻣﻦ وﻻﻳﺔ اﻟﺨﺮﻃﻮم ( 71=ن))،اﻟﺪﻣﺎزﻳﻦ ( 61=ن)
ﺑﻴﻨﻤﺎ ﻋﺸﻴﺮﺗﻲ اﻟﺪﺟﺎج ، ﺳﺎﺑﻘﺔ  ﺣﺼﻞ ﻋﻠﻴﻬﺎ ﻣﻦ اﻟﻤﺸﺮوع اﻷورﺑﻲ ﻟﻠﺘﻨﻮع اﻟﻮراﺛﻲ ﻟﻠﺪاوﺟﻦ 
( 63=ن)واﻟﺪﺟﺎج اﻟﺒﺘّﻮل ( 21=ن)واﻷﺑﻴﺾ( 81=ن)اﻟﺮﻗﺒﺎﻧﻲ ﺟﻤﻌﺖ ﻣﻦ ﻣﻨﻄﻘﺘﻲ أﺑﻮ ﻧﻌﺎﻣﺔ  
أﺧﺘﻴﺮ ﺳﺘﺔ ﻣﻦ ﺧﻄﻮط ﺳﻼﻻت اﻹﻧﺘﺎج اﻟﺘﺠﺎري اﻟﻨﻘﻴﺔ و ﺳﺖ .ﻌﺖ ﻣﻦ ﻣﻨﺎﻃﻖ ﺟﺒﺎل اﻟﻨﻮﺑﺔﺟﻤ
ﻗﻮرﻧﺖ ﻣﻊ ( ﺧﻤﺴﺔ ﻣﻨﻬﺎ ﻣﻦ زﻣﺒﺎﺑﻮي وواﺣﺪة ﻣﻦ ﻣﻼوي )ﺟﺎج اﻟﺒﻠﺪى اﻹﻓﺮﻳﻘﻲ ﺪﻋﺸﺎﺋﺮ ﻣﻦ ﻟﻠ
أﺧﺬت ﻋﻴﻨﺔ دم ﻟﻜﻞ ﻃﺎﺋﺮ ﻣﻦ اﻟﻮرﻳﺪ .اﻟﺴﺖ ﻋﺸﺎﺋﺮ ﻟﻠﺪﺟﺎج اﻟﺒﻠﺪي اﻟﺴﻮداﻧﻲ آﻌﺸﺎﺋﺮ ﻣﺮﺟﻌﻴﺔ
ﺣﺼﻞ RCP          أﺳﺘﺨﻠﺺ اﻟﺤﻤﺾ اﻟﻨﻮوي،  ﻋﻠﻰ ورق اﻟﺘﺮﺷﻴﺢاﻟﻌﻀﺪي ﻟﻠﺠﻨﺎح وﺿﻌﺖ
 leg ﺟﻞ  .    اﻟﻔﻴﻨﻮل آﻠﻮروﻓﻮم ﺑﻄﺮﻳﻘﺔ stnemgarf ANDﻋﻠﻴﻪ ﻣﻦ ﺗﻄﺒﻴﻘﺎت 
 ﻣﻦ اﻟﻮاﺳﻤﺎت 92 وﺷﺨﺼﺖ ﺑﺎﺳﺨﺪام   ﺟﺰﻳﺌﺎت اﻟﺤﻤﺾ اﻟﻨﻮوى   %8 edimalyrclaylop
، ﺟﺎج اﻟﺒﻠﺪي اﻟﺴﻮداﻧﻲ  ﻓﻲ اﻟﺴﺖ ﻋﺸﺎﺋﺮ ﻟﻠﺪ102وﺟﺪ أن اﻟﻌﺪد اﻟﻜﻠﻲ ﻟﻸﻟﻴﻼت آﺎﻧﺖ . اﻟﻮراﺛﻴﺔ
 79.6±25.3ﻣﺘﻮﺳﻂ ﻋﺪد اﻟﻸﻟﻴﻼت ﻟﻠﻤﻮﻗﻊ اﻟﺠﻴﻨﻲ آﺎﻧﺖ ،  3.5ﻣﺘﻮﺳﻂ اﻟﻸﻟﻴﻼت ﻟﻠﻌﺸﻴﺮة آﺎﻧﺖ 
 ,)890WCM( ,)301WCM( ] أﻟﻴﻼت ﻋﻠﻰ اﻟﻤﻮاﻗﻊ اﻟﺠﻴﻨﻴﺔ 3و ﻳﺘﺮاوح ﻣﺎ ﺑﻴﻦ 
اﻟﻨﺘﺎﺋﺞ اﻟﻤﺘﺤﺼﻞ [ )432IEL( أﻟﻴﻞ ﻓﻲ اﻟﻤﻮﻗﻊ اﻟﺠﻴﻨﻲ 71  إﻟﻰ  )561WCM( ,)842WCM(
ﺣﻴﺚ ﻣﺘﻮﺳﻂ اﻟﺨﻠﻴﻂ .  ﻣﻮﻗﻊ ﺟﻴﻨﻲ ﻣﺘﻌﺪد اﻷﻟﻴﻼت92ﺬﻩ اﻟﺪراﺳﺔ ﻳﻈﻬﺮ أن ﺟﻤﻴﻊ ﻋﻠﻴﻬﺎ ﻣﻦ ه
 ﻓﻲ  اﻟﺪﺟﺎج اﻟﺒﻠﺪي 164.0 ±320.0 وﻳﺘﺮاوح ﻣﺎ ﺑﻴﻦ 425.0 ﻣﻮﻗﻊ ﺟﻴﻨﻲ آﺎﻧﺖ 92اﻟﻤﺸﺎهﺪ ل 
 ﻓﻲ اﻟﺪﺟﺎج اﻟﺮﻗﺒﺎﻧﻲ ﻣﻦ اﻷﺑﻴﺾ ﺑﻴﻨﻤﺎ اﻟﺨﻠﻴﻂ اﻟﻤﺘﻮﻗﻊ 875.0 ±220.0اﻟﻜﺒﻴﺮ ﻣﻦ زاﻟﻨﺠﻲ إﻟﻰ 
 ±620.0 ﻓﻲ  اﻟﺪﺟﺎج اﻟﺒﻠﺪي اﻟﻜﺒﻴﺮ ﻣﻦ زاﻟﻨﺠﻲ إﻟﻰ 705.0 ±130.0 وﻳﺘﺮاوح 255.0آﺎﻧﺖ 
 960.0 ±211.0اﻟﻤﻌﺎﻣﻞ اﻟﻜﻠﻲ ﻟﻠﺘﺮﺑﻴﺔ اﻟﺪاﺧﻠﻴﺔ آﺎﻧﺖ  . ﻓﻲ اﻟﺪﺟﺎج اﻟﺮﻗﺒﺎﻧﻲ ﻣﻦ اﻷﺑﻴﺾ185.0
 IVX
 
 620.0 ±940.0 آﺎﻧﺖ   ) TSF( ﻣﻞ اﻟﺘﺮﺑﻴﺔ ﺗﺤﺖ اﻟﻌﺸﻴﺮة ﻣﻌﺎ، وهﺬا ﻳﻔﺴﺮ اﻟﺘﺒﺎﻳﻦ داﺧﻞ اﻟﻌﺸﻴﺮة 
 ﺑﻴﻨﻤﺎ ﻣﻌﺎﻣﻞ اﻟﺘﺮﺑﻴﺔ ﻟﺪﺟﺎج اﻟﺒﻠﺪي اﻟﺴﻮداﻧﻲوهﺬا ﻳﻮﺿﺢ ﻏﻴﺎب اﻟﺒﻴﻨﻴﺔ  ﺗﺤﺖ اﻟﻌﺸﺎﺋﺮﻳﺔ ﻓﻲ  ا
 اﻟﻤﺘﻤﺎﺛﻠﺔ ﻟﻤﻌﺎﻣﻞ اﻟﺘﺮﺑﻴﺔ ﺗﺤﺖ اﻟﻌﺸﻴﺮة   ﻗﻮرﻧﺖ اﻷزواج  ،   630.0 ±670.0اﻟﺪاﺧﻠﻴﺔ آﺎﻧﺖ  
 ZBL( و أآﺒﺮ ﺑﻌﺪ وراﺛﻲ وﺟﺪ ﺑﻴﻦ )bANB sv aDBL(  وﺟﺪ أن أﻗﻞ ﺑﻌﺪ وراﺛﻲ ﺑﻴﻦ ) TSF(
 ﺑﺎﺳﺘﺨﺪام  detamitse rekraM  spihsnik  ﻣﻦ ﻗﻴﻢeert krowteNأﻧﺸﺌﺖ .)bANB sv
 erawtfos erutcurtS ﺑﻴﻨﻤﺎ اﺳﺘﺨﺪم ﻟﺪراﺳﺔ اﻟﺒﻨﻴﺔ اﻟﻌﺸﺎﺋﺮﻳﺔ ﺑﺮﻧﺎﻣﺞ 4eert tilpSﺑﺮﻧﺎﻣﺞ 
 99 و79اﻟﻤﺰﻳﺞ ذات ﻣﻌﺎﻣﻞ اﻟﺘﻄﺎﺑﻖ اﻷﻋﻠﻰ آﺎن  ،  7≤ k≤2ﺑﺈﻓﺘﺮاض ﺗﺠﻤﻊ اﻷﻓﺮاد ﻟﻠﻌﺸﻴﺮة 
 اﻟﺪﺟﺎج اﻟﻤﻼوي و 6و5    retsulcﻋﻠﻰ اﻟﺘﻮاﻟﻲ ﻣﻦ ﺑﻴﻦ ﻣﺎﺋﺔ ﻣﺮة ﺗﻜﺮار اﻻﺧﺘﺒﺎر ﺣﻴﺚ وﺟﺪ 
اﻟﺰﻣﺒﺎﺑﻮي وﺧﻄﻮط اﻟﺴﻼﻻت اﻟﻨﻘﻴﺔ اﻟﺘﺠﺎرﻳﺔ  أﻧﻔﺼﻠﺖ ﻓﻲ ﺗﺠﻤﻌﺎت ﻣﺴﺘﻘﻠﺔ ﻋﻦ ﺑﻌﻀﻬﺎ اﻟﺒﻌﺾ 
ﻧﺘﺎﺋﺞ هﺬﻩ اﻟﺪراﺳﺔ ﻳﺆآﺪ رﻓﺾ . ﺗﺠﻤﻌﺖ ﻓﻲ ﻋﺸﻴﺮة واﺣﺪةﻋﺸﺎﺋﺮ اﻟﺪﺟﺎج اﻟﺒﻠﺪي اﻟﺴﻮداﻧﻲو
اﻟﺒﻴﻨﻴﺔ  ﺗﺤﺖ اﻟﻌﺸﺎﺋﺮﻳﺔ ﻣﻦ ﺧﻼل اﻟﺴﻼﻻت اﻟﻔﺮض ﺑﺄن ا ﻟﺴﺘﺔ ﻋﺸﺎﺋﺮﻟﻠﺪﺟﺎج اﻟﺒﻠﺪي اﻟﺴﻮداﻧﻲ ﻟﻬﺎ 
اﻟﺪﺟﺎج اﻟﺒﻠﺪي  ﻳﺆآﺪ اﻟﻔﺮﺿﻴﻦ وﺟﻮد ﺗﻨﻮع وراﺛﻲ ﻋﺎﻟﻲ وأن و اﻟﻤﻮاﻃﻦ اﻟﺠﻐﺮاﻓﻴﺔ اﻟﺒﻴﺌﻴﺔ ﺑﻴﻨﻤﺎ 
  .وﺧﻄﻮط اﻟﺴﻼﻻت اﻟﻨﻘﻴﺔ اﻟﺘﺠﺎرﻳﺔ اﻹﻓﺮﻳﻘﻲ اﻟﺒﻠﺪي اﻟﺴﻮداﻧﻲ  ﻋﺸﻴﺮة ﻣﻤﻴﺰة ﻋﻦ اﻟﺪﺟﺎج
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Chapter One 
 
1.1 Introduction 
Sudan is one of the vast African countries, with an area of 2.505.813 
square kilometers representing 8.3 % of the  African continent (Ali, 1973). 
Extending from 4° N to 22° N. The human population is estimated at 
35.078.814 and the country is rich in natural resources, which cover various 
ecological zones extending from the desert in the northern part, to the tropical 
forests in its southern part. 
Poultry production is an important livestock sector in the tropics 
contributing a high proportion of the human requirements of animal protein 
through meat and eggs. It is especially favorable to the smallholders systems 
of developing countries in the tropics due to low capital investment needed, 
high cost efficiency, flexible production systems and low production risk. 
Despite the importance of local chickens in human socio-economic aspects of 
life in village and town dwellings, information on their genetic make-up with 
respect to performance, adaptability, resistance, genetic variability and genetic 
relationships is scarce  (Wimmers et al., 2000). 
The village poultry production system in Africa is mainly based on 
scavenging indigenous chicken (Kitalyi, 1998). Indigenous chicken, as the 
most adaptable and geographically widespread livestock species, form an 
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integral part of the African ecosystem. In excess of 1.3 billion chickens are 
found in Africa today, producing approximately 1.7 and 2.1 million metric 
tons of eggs and meat respectively, of which 80% are from indigenous stocks 
(FAO 2006). In Sudan the conventional sector comprises 70% of the total 
chicken population annual production of 20.1million birds and 900 million 
eggs (Sulieman, 1996). The Sudanese fowls with various types, which are 
collectively called Beladi (means native), were early described by Desai, 
1962. These birds are commonly classified as Large Beladi (LB), Bare-Neck 
(BN) and Betwil (BT) ecotypes. The indigenous fowl is less productive 
compared with exotic breeds. Desai and Halbrook,  (1961) reported 106, 68 
and 86 eggs per bird per year for Bare-Neck (BN), Large Beladi (LB)  and 
Betwil (BT), respectively. These chickens play an integral role in the 
smallholders farming systems. They are used to meet the multiple household 
social, economic and cultural needs. Of more importance to the rural 
communities worldwide is the role of indigenous chicken in biodiversity 
(Delany, 2003). The village chickens are part of the poultry genetic diversity 
that comprises chickens, turkeys, quails, ducks, goose, guinea fowls and 
pheasants. This diversity is needed for future advances and improvement in 
response to changing environments and consumer demands. The shift towards 
free range organic farming system might provide higher dependency on local 
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chicken genotypes that already exist in similar production system (Hall, 2004). 
In spite of the fact that traditional poultry production is practiced throughout 
the Sudanese villages and rural areas as well as in some back yards of towns 
very little is known about the composition of local chicken and its genetic 
diversity. Although village chickens are considered an important genetic 
reservoir (FAO, 1999., Delany, 2003., Hall, 2004), the genetic diversity 
contained  in these populations and its distribution has not been 
comprehensively quantified. 
The use of molecular markers, revealing polymorphism at DNA 
level, has been playing an increasing part in animal genetics studies. Among 
the DNA analysis methods, microsatellite DNA typing has provided better and 
more reliable results (Van Marle-Koster and Nel, 2000., Wimmers et al., 
2000., Alain et al. 2002). Microsatellites are co-dominant, highly polymorphic 
markers and commonly used for assessing wide genetic diversity in farm 
animals (Baumung et al., 2004; Soller et al., 2006). Microsatellites have been 
used to assess genetic structures and diversity of a number of native chickens 
in Africa (Tadelle, 2003; Msoffe et al., 2005; Muchadeyi et al., 2005; 
Muchadeyi, et al., 2007; Olowofeso et al., 2005. and Mwacharo, 2007). As a 
global initiative the Food and Agricultural Organization (FAO) has 
recommended the use of microsatellites to assess genetic diversity in domestic 
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animals (FAO, 2004). Accurate determination of the genetic variations within 
animal species is a fundamental step towards conservation of the animal 
genetic resources (Oldenbroek, 1999). 
1.2 Justification and general objectives of the work 
This work was deemed necessary because: 
1- The population structure of Sudanese indigenous chickens is not clearly 
defined. All the indigenous chickens in Sudan are categorized on basis of three 
morphological groups namely Large Beladi, Betwil and Bare-Neck. 
2- To date in Sudan only a few attempts have been made to study the genetic 
diversity of the indigenous chickens aiming at improving and conserving its 
gene pool. 
3- The rapid encroachment of the exotic breeds towards the homelands of the 
native breeds may threaten the existence of the native breed unless a 
considerable effort is made to conserve it.  
4- The characterization of the Sudanese indigenous chickens on DNA level 
allows them to be used as references for similar chicken breeds based on 
traditional production systems in Africa. 
1.3 Specific objectives 
This work aims to the following:- 
1- The characterization of genetic diversity in Sudanese native chicken 
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ecotypes (LB, BT and BN) using twenty nine microsatellite markers. 
2- Evaluate the genetic variability within and between Sudanese native 
chicken from three agro-ecological zones. 
3- Study the level of population differentiation between Sudanese native 
chicken and other village chicken populations from similar extensive systems 
of production in Africa and pure closed populations with known pedigree and 
breed history. 
1.4 Hypotheses 
To achieve the goals of this study the following hypotheses have 
been tested: 
1-The genetic diversity in Sudanese native chicken is high. 
2- The Sudanese native chickens are genetically sub-structured according to 
breeds and agro-ecological zones. 
3-The Sudanese native chicken eco-types are unique populations and 
genetically distinct from other village chickens from similar African 
production systems and pure bred lines. 
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Chapter Two 
Literature Review 
 
2.1 Phenotypic characteristics of Sudanese native Chickens 
The indigenous poultry of Sudan consists of a mixture of local 
varieties with different sizes and wide range of colours. They do not have 
common features or characteristics to classify them as separate breeds. 
However Desai, (1962) described them as three distinct types: Large Beladi, 
Betwil and Bare-Neck.  
2.1.1 Large Beladi 
The Large Beladi is the commonest local bird, distributed all over 
the country and the birds are medium size and of a wide range of colors, the 
commonest colors are red, black, yellow variegated and spotted. They have 
small crushed combs, with average mature body weight of 1494.4 ±349.8 g. 
Mohammed et al., (2005) reported that the weekly  egg production per hen 
and average egg production per  household were 3.9 and 3.4 respectively, 
while the total of egg production during 36 wks laying period was 48.6 and 
the mean  egg shell thickness was 34.3 ±3.6 units. 
2.1.2 Betwil 
The Betwil is a small size native hen, found in Nuba Mountains in 
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Kordofan region;  it lays 70-80 eggs per year, under adverse natural conditions 
(Desai, 1961). This bird is likely to find a place in modern poultry production 
that calls for small compact bird or even dwarf bird with a small feed 
conversion ratio and high egg or meat production ( Shamseldin, 2006). The 
average mature live weight is 1198.3±257.5 g. whereas the weekly egg 
production per hen and average egg production per household were 3.2 and 
2.7 respectively. The rate of egg production during 36 wks laying period was 
38.57 and the mean egg shell thickness was 36.2 ±4.2 (Mohammed et al., 
2005). The Betwil can do better if  maintained under improved management to 
promote their egg number and can be looked upon as valuable genetic 
resources that must be preserved for future use.  
2.1.3 Bare Neck 
The Bare Neck type is found in many parts of the country but it is 
very common in southern Sudan. Even though it received very little attention 
in the Sudan, the Nacked neck breeds have attracted considerable attention in 
some countries because of their high adaptability to hot and tropical climates 
(Shamseldin, 2006). The main characteristic is the featherless neck and the 
plumage has many colours. This bird is very active and comparatively more 
resistant to disease than the other two types Large Beladi and Betwil (Desai, 
1962). The average live weight was 1574.2±274.5 g, whereas the weekly egg 
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production per hen and average egg production per household were 3.7 and 
3.3 respectively. Mohammed et al., (2005) found that the total of egg 
production during 36 wks laying period was 47.14 and the mean of egg shell 
thickness was 36.2 ±4.0 units. 
2.2 Chicken Genetic Resources 
Indigenous breeds of animals are a resource for sustainable food 
production and environmental and socio-economic stability. Major changes in 
production systems, caused by the world's growing population and demand for 
animal products, are to be expected (Blackburn et al., 1998). The livestock 
sector forms an essential component of the agricultural output in developed 
and developing worlds. Among the animal species used, poultry contributes 
considerably to the total food and agricultural production particularly meat 
production.  
In 2002, the FAO estimated the total meat production to be 245 
million tons, of which about 30% was poultry meat (mainly from chickens). 
More than half of this poultry meat was produced in developing countries. 
With regard to eggs, the contribution of developing countries to the total 
production is even higher (Developing countries, 137.9 million tons and 
developed countries: 107 million tons). Furthermore, unlike other farm 
animals such as cattle, poultry and in particular chickens play an important 
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role in small holder farming systems in the developing countries. Quite often 
local poultry stocks serve as major source of animal protein to the poor, since 
they are accessible even to landless households (Weigend et al., 2004). 
Genetic resources altogether exhibit a striking variety of 
characteristics as a result of genetic changes during their development under 
different environments and towards different selection objectives. Weigend et 
al. (2004) stated that biodiversity conservation and utilization of these genetic 
resources requires further identification and evaluation as to their potential 
contribution to agricultural production in the future. To use limited resources 
most efficiently and avoid duplicates, priorities have to be defined for 
conservation measures based upon a range of information including the degree 
of endangerment, adaptation to a specific environment, possession of traits of 
current or future economic importance or specific interest and breed cultural 
or historical value. Understanding of the extent and nature of genetic diversity 
among and within breeds and populations based on a wide range of 
information is an essential prerequisite for effective management and 
utilization of genetic resources in the chickens as well as in other farm animal 
species. (Weigend et al., 2004). 
In developing countries, village chickens represent a diverse gene 
pool that could contain unique genetic features. Due to their development in 
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given environment they are better adapted to survive under harsh conditions 
without proper management programmes and limited supply of resources. Few 
efforts have been made to characterize the local chickens strains, especially 
from the genetic point of view (Yamashita et al., 1997; Sharma and Singh., 
1998;  Mohed-Azmi et al., 2000; Van Marle-Koster and Nel, 2000; Wimmers 
et al., 2000)  and there is only little stratification into well-defined breeds 
(Wollny, 2003). Local chickens are known by their vernacular names that, in 
most cases, describe their phenotype. The survival of local breeds under these 
conditions is threatened by several factors of economic and social nature but 
crossbreeding in an uncontrolled way is one of the major causes that erode 
genetic diversity in the developing countries. As reported by Wollny, (2003) 
crossbreeding has traditionally been considered as a way to improve 
productivity of indigenous livestock. This may, however, lead to an 
unrecognised replacement of local genotypes with those of commercial 
hybrids, which have a higher production potential based on high nutrient 
requirements but are not selected for survival in such an environment. In 
developed countries, there is also an increasing concern about losing genetic 
diversity in farm animals, and poultry genetic resources are considered to be 
one of the most endangered (Crawford, 1990).  
Market orientated intensive livestock breeding programme now tend 
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to concentrate on a limited number of breeds and the proportion of low-input, 
low-output breeds used in  agricultural production has been decreasing almost 
to zero. A  large number of local dual-purpose breeds used in the beginning of 
the 20th century have been replaced with highly specialised lines. During this 
process, the widely spread local middle-level food producers had not been 
used anymore and disappeared from the drastically changed agricultural 
production systems of industrialised countries. Success in commercial animal 
breeding is dependent on genetic composition of populations, and reduced 
variability results in limited flexibility to reach new breeding goals. On the 
other hand the increase in per capita income in developed countries has lead to 
a rise in demand for specialised food, diversification in product supply, and 
changes in the preferences of production conditions (Crawford, 1990).  
2.3 Molecular markers 
The assessment of DNA marker polymorphism suggests that 
variability in DNA is a powerful tool for examining diversity within and 
among individuals, families and populations. A marker is an identified 
genome site that exhibits polymorphism (Crooijmans et al., 1996). Genetic 
markers can be classified as either type I if they are associated with genes of 
known functions or type II if in anonymous genomic regions (O'Brien, 1991). 
The   Type I and Type II markers can further be divided into fingerprint 
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markers and clone or sequence based markers (Dogson et al., 1997). Protein 
polymorphisms were the first molecular markers used in livestock. A large 
number of studies, particularly during the 1970΄s have documented the 
characterization of blood group allozyme systems (Baker and Manwell, 1980). 
However, the level of polymorphism observed in protein is often low which 
has reduced the general applicability of protein typing in diversity studies. 
With the development of Polymerase Chain Reaction (PCR) and sequencing 
technologies associated with automatic and/or semi-automatic large scale 
screening system, DNA-based polymorphisms have become the markers of 
choice for molecular-based surveys of genetic variation (Avise, 1994). Recent 
advances in technology have enabled the assessment of genetic variability at 
the DNA level. Different classes of molecular markers have been employed to 
study genetic diversity in chickens such as restriction fragment length 
polymorphisms (RFLP), endogenous avian virus loci, random amplified 
polymorphic DNA (RAPD) markers, amplified fragment length polymorphisms 
(AFLP), mitochondrial DNA (mtDNA) markers, two types of variable number 
of tandem repeats (VNTR) loci (minisatellites and microsatellites), and more 
recently single nucleotide polymorphisms (SNP). As reviewed by Weigend and 
Romanov, (2001).  
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Table 1 Molecular markers for assessment of genetic diversity 
 
Marker 
type 
Polymorphism Detection method Sequence 
information
Locus 
specificity 
Reproducibility 
RFLP Restriction Fragment 
Length Polymorphism
*Restriction 
enzyme cutting of 
DNA 
*Gel 
electrophoresis 
*Membrane 
*Hybridisation 
*Visualisation 
not required yes good 
VNTR Variable Number of 
Tandem Repeats 
(A) Minisatellites 
(repeat unit 10-100
base pair) 
 
 
*multilocus 
fingerprints 
(similar to 
RFLPs) 
 
 
not required
 
 
no 
 
 
 
 
medium 
 (B) Microsatellites 
(repeat unit 1-5 base 
pair) 
*multilocus 
fingerprints 
(similar to 
RFLPs) 
not required
 
 
 
no 
 
 
 
medium 
 
 
 
Continue 
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*single locus 
PCR, PAGE1 
Required 
(for 
designing 
primers 
yes very good 
AFLP Amplified Fragment 
Length Polymorphism
*Restriction 
enzyme cutting of 
DNA 
*Ligation 
*PCR(2steps) 
*PAGE 
not required no good 
RAPD Random Amplified 
Polymorphic DNA 
*PCR arbitrary 
primer (10 bp) 
*Gel 
electrophoresis 
not required no poor 
SNPs Single Nucleotide 
Polymorphisms 
several detections 
methods, e.g: 
*Allele-specific 
PCR 
*Single Strand 
Conformatiom 
Polymorphism 
*PCR-RFLP 
*Hybridisation to 
Required yes very good 
continu
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high density DNA 
analysis 
*Primer extension
*Mass 
spectrometry 
 PAGE1  =Polyacrylamide gel electrophoresis. 
Source: (Weigend et al 2004). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
16 
 
2.3.1 Microsatellites 
Microsatellites are short repeats, generally consisting of motifs of 1 
to 6 base. The polymorphic variants are thought to be generated from unequal 
crossing over between repeat units during meiosis (Kaeser et al., 1999). The 
DNA slippage and point mutations in the flanking regions are also responsible 
of generating polymorphic variants. They are amplified by polymerase chain 
reaction (PCR) using primers in the flanking region on either side of the repeat 
sequence. Microsatellites are highly polymorphic, abundant and evenly 
distributed throughout the genome. These properties have made them suitable 
markers for mapping, paternity testing and population genetics (Weigend and 
Romanov, 2001). Advantages of microsatellites also include easy detection via 
PCR and their co-dominance nature. Microsatellites belong to the clone or 
sequences based type of markers. This is important because of the unique 
sequence in the genome mapped and easily exploited for many genetic 
applications (Soller et al., 2006).  
Microsatellite markers are now being widely used in the genetic 
appraisal of several species populations including chickens. Because of the 
relative ease of scoring and ability to exhibits high polymorphisms as well as 
higher heterozygosities, its application as genetic appraisal tool is quite 
significant. Recent information in literature have revealed that microsatellite 
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markers are useful in determining not only heterozygosity and estimating 
genetic distances among closely related species but also suitable for 
measurement of genetic parameters such as number of effective allele as well 
as the polymorphism information content in population and can detect rare 
alleles (Bartfai et al., 2003; Shen, 2004; Chen et al., 2004).   
Genetic diversity measures using microsatellites yield reliable 
estimates of variability within and genetic relations between chickens 
populations (Weigend and Romanov, 2001; Delany, 2003). Recent studies 
have shown the suitability of microsatellites for estimation of kinship 
coefficients in the absence of pedigree data (Toro et al., 2002; Blouin, 2003; 
Eding and Bennewitz, 2007). A major challenge that exists now is to integrate 
these results to compare the population structures in different countries. 
Different studies conducted using different markers and different sample sizes 
usually complicate comparisons between studies. Under the Measurement of 
Domestic Animal Diversity (MoDAD) project, FAO has recommended the use 
of microsatellites to generate information on the uniqueness of breeds (FAO, 
2004). A new set of 30 recommended markers are found on the website: 
http://dad.fao/en/refer/library/guideline/marker.pdf 
2.4 Genetic diversity 
Genetic diversity has been defined as the variety of alleles and 
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genotypes present in a population and this is reflected in morphological, 
physiological and behavioural differences between individuals and 
populations (Frankham et al., 2002). According to the analysis done in DNA 
pools of a wide range of populations, the genetic diversity among chicken 
breeds seems to be lower than that in other domesticated species (Hillel et al., 
2003). The diversity of the local chickens reported is mostly on phenotypes 
including adult body weight, egg weight, reproduction performance and 
immune responses to various diseases (Gueye, 1998; Msoffe et al., 2001, 
2004). Limited reports have addressed the genetic diversity of local chickens ( 
Van Marle-Koster and Nel, 2000; Wimmers et al., 2000). 
 The DNA-based typing methods provide a rapid and reliable 
method for differentiating individuals in genetically diverse population 
(Bidwell, 1994; Parham and Ohta, 1996). Genetic diversity is usually 
measured by the frequencies of genotypes and alleles, the proportion of 
polymorphic loci, the observed and expected heterozygosity or allelic 
diversity. In the context of structured populations, molecular measures of 
differentiation are based on genetic distances in allele frequencies among 
populations (Nei, 1987; Laval et al. 2002), as well as the popular Wright's 
(1969) fixation index FST. The most widely used parameter to measure 
diversity within populations is the expected heterozygosity, or gene diversity. 
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It is defined by Nei (1973) as the probability that two alleles chosen at random 
from the population are different. With pedigrees, the usual way to estimate 
diversity is to calculate 1-F and 1-f, where F (inbreeding coefficient) and f  
(coancestry) are the probabilities that two genes taken at random from the 
same or different individuals are identical by descent (Malecot 1948). 
2.5 Diversity measures 
Generally diversity can be categorised into within and between 
population measures. There is variation in the diversity indices depending on 
the types of markers used (Kremer et al., 1998). 
2.5.1 Within population diversity measures 
2.5.1.1 Number of alleles 
The simplest index is the number of alleles that exist within 
populations (Kremer et al., 1998). Allelic diversity has been considered as the 
most relevant diversity measures (Petit et al., 1998; Barker, 2001; Foullley and 
Ollivier, 2006). The high number of alleles implies more variation and more 
genetic flexibility.  
The limit to selection response is determined by the initial number 
of alleles in population (Toro and Caballero, 2005). Allelic diversity is 
considered more sensitive to population bottlenecks and can be used to assess 
fluctuations in effective population size in temporal studies. The parameter is, 
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however, sensitive to sample size such that the sampling strategies of each 
study should be taken into consideration before comparing results from 
different studies. Allelic diversity does not take into consideration the allele 
frequencies. As a result an inflated figure is observed in the presence of rare 
alleles. Different markers have different levels of polymorphisms. It is 
therefore difficult to compare the number of allele/locus between studies 
where different microsatellite loci were used. These weaknesses can be 
overcome by adopting internationally recommended markers such as those 
suggested in the MoDAD (FAO) project and standard alleles to adjust for 
allele scoring between laboratories. 
2.5.1.2 Gene Diversity 
A second and most widely used index is expected heterozygosity or 
gene diversity (Kremer et al., 1998; Toro and Caballero, 2005). Expected 
heterozygosity (HE) is defined as the probability that two variants taken at 
random in the population are different: 
EH  = n ⎟⎟⎠
⎞
⎜⎜⎝
⎛
−
−∑ =
1
1
1
2
n
pk
l i  
 
where pi = frequency of the ith  of  k  alleles and   n = sample size (Nei, 1973). 
Expected heterozygosity ranges from 0 when there is no heterozygosity to 
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nearly 1 when there are a large number of alleles with equal frequencies. 
While investigators have tried to relate heterozygosity at molecular markers to 
key components of fitness, simulation studies have shown that many marker 
loci (200) are needed to get the slightest correlation between heterozygosity 
and an individual inbreeding coefficient (Balloux et al., 2004). 
Gene diversity depends mostly on the frequency of most frequent 
alleles. This is a major shortcoming as rare alleles which are an indication of 
diversity, do not contribute much to heterozygosity. When alleles or variants 
are represented in equal frequencies a direct relationship will be observed 
between allelic diversity and gene diversity. Effective number of alleles (Ae) 
measures the number of alleles that give the same HE. and can be useful when 
the frequencies of alleles are different (Kremer et al., 1998). 
2.5.1.3 Inbreeding coefficient 
The inbreeding coefficient (FIS) is another measure used to describe 
within population diversity particularly for microsatellite markers (Balloux 
and Moulin, 2002). FIS will measure the correlation of gene within individuals 
belonging to the same subpopulation: 
 
S
IS
IS H
HHF −=  
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where SH = mean expected heterozygosity of a subpopulation; IH  = mean 
observed heterozygosity of individuals within subpopulation (Wright, 1951). 
Estimated from empirical data, FIS will assess whether there is random mating 
within samples and will give an indication of whether individuals have been 
sampled from one or several populations (Balloux and Moulin, 2002). 
2.5.1.4 Marker estimated kinships (MEK) 
An alternative but less frequently used measure of within population 
diversity is degree of relatedness or similarity. Kinship between individuals 
plays an important role in practical applications of animal genetics. In animal 
breeding coancestry coefficients are required to estimate genetic parameters 
and for genetic evaluation (Falconer and Mackay, 1995). According to 
Caballero and Toro (2000), minimising coancestry between breeding animals 
increases effective population size and is an effective tool in conserving live 
animals. Heritability of traits can be estimated by regressing pairwise 
estimates of phenotypic similarity index against kinship (Blouin, 2003). In a 
captive population one can reduce inbreeding by choosing mates based on 
kinship (Cunningham et al., 2001). 
Traditionally, coefficients of Kinship are calculated from pedigree 
records. These pedigree records are missing in most village chicken 
production systems (Kitalyi, 1998). The marker estimated Kinship (MEK) 
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(Eding and Meuwissen, 2001), can be estimated using co-dominant 
polymorphism markers such as microsatellites. MEK are estimated from 
Malecot's similarity index which is defined as the probability that an allele 
drawn from one individual is the same as an allele randomly drawn from 
another individual: 
 
( )∑= xjxiIJ PPS ,,  
yindexsimilarirtS IJ =  where Pi,x is the xth allele frequency in population i and Pi,x 
is the  xth allele frequency in population j (Eding and Meuwissen, 2001). From 
the similarity index, kinships can be estimated by accounting for probability of 
alleles being alike in state. Eding and Meuwissen (2001) presented the 
weighted log linear model: 
 
log ( ) =− LijS ,1  Log ( )+− ijf1  log ( )ls−1  
 
where Sij,L  is the average similarity between population i and j for L loci and fij 
the kinship coefficient between population i and j and sl is the probability of 
alleles being identical in state. Under this model the kinship between 
populations or individuals is expected to be constant over all loci, while the 
probability of alleles being alike in state is expected to be equal for all pairs of 
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populations (Eding and Bennwitz, 2007). The weighted log linear model 
accounts for differences in the informativeness of different marker loci. 
Generally marker estimated kinships give a measure of within and between 
population diversity and this is an advantage for diversity studies of domestic 
animals. 
2.5.2 Between population diversity measures 
2.5.2.1 Wright's fixation index 
When comparing diversity between populations, Wright's Fst 
statistic  (Wright, 1969) provides an overall comparison of the degree to which 
populations are structured: 
 
S
IT
ST H
HHF −=  = 1-  
T
S
H
H  
where 
−
SH = mean expected heterozygosity of subpopulation; IH
−
= mean 
observed heterozygosity of individuals; TH  = expected heterozygosity of 
whole population. STF   measures the diversity between breeds that arises when 
subpopulations are isolated and get fixed for certain alleles (Eding and Laval, 
1999). Alternative ways to calculate STF   were suggested by Weir and 
Cockerham , (1984)  and  Robertson and Hill, (1984) who give more weight to 
rare alleles. The two estimators have been shown to agree when all alleles 
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have equal frequencies (Eding and Laval, 1999). Slatkin's RST  is analogous to 
Wright's STF    but assumes the stepwise mutation model of microsatellites. 
When  STF    = 0, it means there is no population structure, no differentiation, 
whilst an  STF   of 1 would mean existence of completely differentiated 
population. 
A major criticism of the  STF    as a distance measure is that it is only 
appropriate when populations differ slightly since  STF    never exceeds 1. High 
mutation rates as observed in microsatellite markers decreases the probability 
of identity of two alleles and will deflate STF   value even when populations are 
divergent (Balloux and Moulin, 2002).  STF   values,  however,  give insight 
into the level of gene flow between populations which is not clearly given by 
other genetic distance measures (Rousset, 1997). According to Reynolds et al., 
(1983)  STF     provides the basis for a measure of genetic distance when 
divergence is caused by drift. 
Although  STF   can be assessed between populations, the pairwise 
“distances” take into account the data of just the two populations involved, not 
all the data simultaneously. Other genetic distance measures can quantify the 
degree to which more than two populations differ simultaneously. 
2.5.2.2 Distance methods with biological assumptions 
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Genetic distances can be categorised into distance with or without 
underlying biological models. The distances with no biological assumptions or 
model are known as geometric distances. Such distance include the Cavalli-
Sforza chord distance ( Cavalli-Sforza et al., 1967) and Rodgers, distance 
(Rodgers, 1972). Other distance measures incorporate assumptions about the 
importance of drift and mutation as forces of change. According to Goldstein 
et al., (1995), the mutation process of microsatellites occurs in “stepwise” 
fashion by adding or deleting one of a series of repeat units. The δµ2 of 
Goldstein et al., (1995) uses a stepwise mutation model (SMM) and were 
specifically developed for microsatellites. However, on simulation Goldstein 
et al (1995) concluded that their method was better suited for phylogenetic 
reconstruction of taxa that are sufficiently diverged. Although specifically 
developed for microsatellites the δµ2 is not commonly used particularly with 
domestic animals that have not been separated for a long time. 
Nei׳s standard genetic distance (D) is based on a classical mutation-
drift model and given by the formula: 
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allele frequency in populations  x and uY  u allele frequency in population Y 
and r = number of loci; 2 (Nei, 1972) the main assumption of Nei's standard 
genetic distance is that populations are in equilibrium with regard to random 
drift and mutation (Eding and Laval, 1999). Divergence between populations 
over time is therefore attributed to mutations accumulated over generations of 
time.  Nei's standard genetic distance is an example of an infinite allele model 
that assumes that mutations can take any state and are unpredictable. 
Reynolds'  distance (Reynold et al., 1983), which was derived for allozyme 
data is another infinite alleles model based distance that assumes a primary 
role for drift: 
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where Xu=uth allele frequency in population X and  Yu  uth allele frequency in 
population Y. Reynolds’ reliance on drift is considered not appropriate for 
microsatellites, that have a mutation rate larger than of allozymes.  Reynolds’ 
distance, and its neglect of the importance of mutation, however, may work 
better in some species/populations. In a small population there is a high 
potential for genetic drift. Drift is a random process and does not result in 
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ordered distribution of alleles and this fits well with the infinite allele model. 
Mutation and random drift based models are used more often to calculate 
genetic distances particularly for intra-species diversity studies. 
Genetic distances estimated from polymorphic microsatellite 
markers have been the most popular method of choice to assess diversity 
between populations (Toro and Caballero, 2005). According to Laval et al. 
(2000) all distances depend on the number of generations since the divergence 
of populations and on the effective population size of breeds. The short 
divergence time between domestic breeds makes it less reliable to infer true 
breed phylogeny from distance based trees (Eding and Bennewitz, 2007). No 
admixture is a major assumption for genetic distance phylogeny (Felesenstein, 
1982).  
This assumption is often violated when dealing with domestic 
animals. Genetic distances for domestic animals have also been criticised for 
focusing on between breed diversity and ignoring the most important within 
breed diversity (Caballero and Toro, 2000; Eding and Bennewitz, 2007). 
2.5.2.3 Clustering analysis 
Genetic distance measures and other diversity measures have been 
criticised for relying on a priori grouping of individuals either based on 
phenotypes or sampling location. A clustering method (Pritchard et al., 2000) 
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constructs genetic clusters from a collection of multilocus genotypes by 
estimating for each individual the fractions of genome that belong to each 
cluster. It is a purely genetic analysis that uses no external information and 
provides the most direct method of determining population structure 
(Rosenberg et al., 2002). The clustering involves a Bayesian algorithm 
computed using Markov Chain Monte Carlo (MCMC) methods to cluster 
individuals probalistically to inferred populations based on multilocus 
genotypes without any a priori assumption of population affiliation (Pritchard 
et al., 2000). On the other hand Rosenberg et al. (2002) suggested that 
genetically distinct populations can be identified based on how difficult it is to 
separate them from others. Populations that are easier to separate into clusters 
with only a small number of markers are considered more distinct. Based on 
this they suggested that the number of loci required for correct clustering of 
populations can be used as a way of identifying those that are genetically 
different. Recently a more objective method has been introduced that 
compares solutions from many structure runs and takes most frequent solution 
as the most probable clustering (Rosenberg, 2004). 
The utility of microsatellites data for clustering and assigning 
individuals to genetic groups was studied by Rosenberg et al., (2001) using 20 
breeds from the AVIANDIV project. In this study most of breeds were 
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correctly assigned to their original population with a success rate of 98%. A 
large scale structure analysis including 2000 chickens from 65 populations 
further supported the reliability of structure based clustering (Hillel et al., 
2007). 
2.6 Conservation of chicken genetic resources 
Further erosion of animal diversity invites disaster as options for 
long term productivity and sustainability are lost. Diversity within and 
between poultry populations need to be conserved in case of changes in 
consumer demands, production methods and environmental conditions 
(Weigend and Romanov, 2002). According to Notter, (1999) and Delany, 
 (2003), the core objective of conservation of animal genetic 
resources (AnGR) is to maintain access to the adaptive genetic potential of 
each species to maintain the current collection of valuable resources for 
artificial selection. The accelerated loss of specialised research materials for 
human and animal research, consolidation of poultry primary breeder 
companies (Arthur, and Albers, 2003), possible loss of genetic potential in 
industry stock as a result of decades of intensive selection and the replacement 
of locally adapted chicken breeds found on small farms and in villages around 
the world with modern industry stock constitute other rationales for 
conservation. 
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Loss of genetic diversity in the chicken gene pool may be the result 
of intensive selection and inbreeding programmes. The development of high-
performing specialized chickens may have led to the replacement of local 
chicken populations by these commercial lines. Reduction in the number of 
active breeding stocks within the commercial gene pool of chickens owned by 
a decreasing number of breeding companies has also contributed to the 
reduction in genetic variation (Pisenti et al. 2001). According to the study 
done by FAO up to 30% of Global mammalian and avian Livestock breeds are 
currently facing a risk of being lost and could not  be replaced (Soysal et al., 
2003). Erosion of genetic diversity in breeds causes increases the rate of 
inbreeding and breeding abnormalities, thereby decreases animal performance. 
These will virtually reduce the global gene pool for future development and 
can be considered as serious threats to universal food security. Therefore, the 
urgent need for conservation of genetic resources in animal biodiversity is 
clear, particularly for those in developing countries (Mirhoseinie et al., 2005).  
Genetic variation is the basic material for animal breeding; it 
influences the viability of populations. Further loss of local chicken breeds 
will reduce the over all chicken diversity. The accurate evaluation of 
populations with regard to their contribution to the national and overall 
genetic diversity is an important step in determining priorities for conservation 
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(Weigend et al., 1995). In the process of developing strategies to conserve 
genetic diversity in domestic chicken, it is important to assess the genetic 
uniqueness of a given population, which may be deduced from genetic 
distances (Hillel et al., 2003). According to FAO (2004) recommendations 
determination of genetic distances using highly polymorphic microsatellite 
markers is currently the method of choice for investigating genetic 
relationships and breed differentiation. This methodology also provides 
information for establishing preservation priorities for livestock breeds 
(Barker, 1999). 
Decision making regarding conservation of genetic variation relies 
on composite information including phenotype, historical records and 
molecular genetic variation. Conservation and preservation within a species 
exists at two fundamental levels that encompass variation between individuals 
within populations and genetic differences between populations. There are two 
approaches for conservation of animal biodiversity namely, ex-situ and in-situ 
conservation (Gerrlings et al., 2002). Ex-situ refers to conservation approaches 
outside the breed's natural habitat, such as in zoos and in gene banks. In-situ is 
the conservation within ecosystems and natural habitats. It involves the 
maintenance and recovery of viable populations in their natural surroundings 
where they have developed their distinctive properties. 
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Conservation of genetic resources is costly and tends to be done in 
most cases for high yielding animals. Facilities to conserve animal genetic 
resources are limited and have to be utilized efficiently. The result is that not 
all indigenous animal genetic resources can be conserved. Ruane, (1999) 
suggested three areas of breed conservation as: (i) the promotion of animal 
genetic issues through awareness, (ii) documentation of animal genetic 
resources and (iii) breed conservation programmes. 
A number of methods for prioritising populations for conservation 
have been suggested. Weitzman's approach uses a genetic matrix to identify 
conservation units (Weitzman, 1992). The contribution of an element to group 
diversity is measured as the reduction in tree length caused by the removal of 
that breed or population. Although the method has been used by many 
investigators (Caballero and Toro, 2002; Laval et al., 2000; Reist-Marti et al., 
2003), it has been criticised for ignoring within breed or species diversity. 
According to Toro and Caballero (2005) all genetic distance based methods do 
not account for within breed diversity. The within breed diversity is, however, 
of importance particularly when considering domestic breeds. The Weitzman 
approach and other genetic distance based methods have in some cases been 
found to favour highly inbred populations with extreme allele frequencies 
(Mateus et al., 2004). 
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Choosing distant relations based on kinship estimates is another tool 
for maximising diversity for conservation units (Eding and Meuwissen, 2001; 
Blouin, 2003). Unlike genetic distance based methods, co-ancestry measures 
emphasise within population diversity (Toro and Caballero, 2005) and would 
favour non-inbred populations with an even distribution of gene frequencies 
(Mateus et al., 2004). Simianer,  (2005) suggested using the number of alleles 
and the risk of  extinction as a measure to define conservation units. Gandini 
and Villa,  (2003) argued that conservation decisions should also consider the 
cultural value of breeds to existing and future generations. A major 
shortcoming of almost all methods of prioritising is the dependency on 
predefined breeds or populations. In developed countries most commercial 
animal breeds and populations including chickens have distinct breed 
boundaries and are kept as pedigree closed populations. The situation is totally 
different for indigenous population in developing countries and more so for 
chicken populations. There is therefore a need to accurately define these 
population boundaries to set up effective conservation programmes. 
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Chapter Three 
Materials and Methods 
3.1 Study period 
This study was conducted during the period from April to 
September 2007 for the field samples collection and from October to March 
2008 for lab work and data analysis at the Institute of Farm Animal Genetics, 
Friedrich-Loeffler-Institut, Hoeltystrasse 10, 31535, Neustadt-Mariensee, 
Germany. 
3.2 Geographical description of the study area 
Table 2 shows the geographical features of the study area which 
represents three different agro-ecological zones with different areas namely 
Damazein, Abu Naama,  Abassia,  Rashad, Tajmala, Dalinj, El farshi, El  
Obeid, Nyala and Zalingei selected for samples collection: These areas located 
at   10° N to 15° N latitude,  23° E to 35° E longitude and 453 m to 1350 m 
above sea level. The rainfall ranges from 200 mm to 800mm and the average 
temperature from 24 °C  to 30 °C.  
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Table 2 The annual rainfall, temperature and climatic features of the area 
of the study.  
Agro-ecological zones Rainfall Temperature Geographical Regions 
I-Damzein 600-800 mm 28 – 30 °C High rainfall Savannah 
I-Abu Naama 400-600 mm 28- 30 °C High rainfall Savannah 
II-Abassia 
II-Rashad 
II-Tajmala 
II- Dalinj 
II- El farshi 
600-800 mm 26 - 28 °C High rainfall mountain 
Savannah 
II-El Obeid 200-400 mm 26 - 28 °C Low rainfall Savannah 
III-Nyala 400-600 mm 26 - 28 °C Highrainfall Savannah 
III-Zalingei 400-600 mm 24 - 26 °C High rainfall avannah 
 
Sources: IPCC and CRU; SIM (Sudan Interagency Mapping); vmaplv0, NIMA; UN 
Cartographic Section. 
3.3 Sampling of household 
Six populations of the Sudanese indigenous chicken, including 
three large Beladi populations of which two were collected from Zalingei 
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(LBZ =16) and Damazein (LBDa = 17) whereas the third one (BAL = 48) was 
obtained from the European collaborative project on chicken biodiversity 
(AVIANDIV project) which was originally collected from Khartoum state. 
While two populations of Bare Neck chicken were collected from Abu Naama 
(BNAb = 18) and EL-Obeid (BNOb = 12). On the other hand the Betwil or 
dwarf (BTNm = 36) population was collected from Nuba Mountains. These 
populations were carefully collected from their homelands according to the 
phenotypic characteristics of each local breed as described by Desai (1962) 
and by interviewing the households at the local markets and at their homes. 
Moreover, only one individual was sampled from each household regardless to 
its sex. The main idea behind these precautionary measures was to collect 
samples of non inbred birds, from areas that have not been subjected to the 
government programs for upgrading the indigenous chickens and to guarantee 
a true representation of the indigenous chicken populations. 
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 Figure1 Map of Sudan showing populations locations in three agro-
ecological zones. 
Key: 
LBZ, LBDa, BT, BNAb, BNOb and BAL are Large Beladi Zalingei, Large 
Beladi Damazein, Betwil from Nuba Mountains, Bare Neck Abu Naama,  
Bare Neck El-Obied and Large Beladi from Khartoum State respectively. 
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3.4 Reference populations 
Six populations were selected from AVIADIV project. These 
consisted of one broiler dam (BRD) and one broiler sire (BRS) lines, two 
brown egg layers (BL_A and BL_C) and two white egg layers (LS_S and 
WL_A) with 30 individuals per population. The broiler dam and sire lines, 
brown egg layers and white egg layer line A (WL_A) were commercial lines, 
whereas the other white egg layer (LS_S) was an experimental White Leghorn 
line_Rs maintained at the Institute of Farm Animal Genetics as a conservation 
flock (Hartmann, 1997). The pure lines were managed as closed populations 
with known pedigree and breed history. These characteristics made them well 
suited to be used as reference populations for comparison with those 
populations from African countries including the Sudanese chickens. The 
Sudanese birds were represented by five populations LBZ, LBDa, BT, BNOb 
and BNAb.  In addition there were  seven populations selected from AVIADIV 
project including five local chicken populations from Zimbabwe eco-zone ZA, 
ZB, ZC, ZD and ZE with sample sizes of 50, 51, 50, 50 and 37 individuals 
respectively. There was also,  one population, of sixty scavenging chickens 
that were sampled from a 50 km radius in Malawi (MA) and one population  
of 48 Sudanese Large Baladi (BAL) from Khartoum State. The extensive 
systems of production  used in Zimbabwe, Malawi and Sudan are similar; also 
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chickens in these countries have not been selected for any particular 
production traits and show high levels of phenotypic heterogeneity. The large 
geographical distances with mountains and rivers separating countries and 
more importantly the official border posts restrict exchanges of genetic 
materials among the African countries. 
3.5 Collection of blood samples 
A drop of blood was sampled from the wing vein (brachial vein) 
of each bird by using a needle for puncturing the brachial vein and then 
heparinized Micro haematocrit tube was used to pick up the blood sample on a 
Whatman FTA® classic filter cards (Whatman International Ltd). Ninety nine 
blood samples were air dried and stored in original packaging box at room 
temperature awaiting analysis. 
3.6 FTA Classic Cards description 
The FTA cards are designed for room temperature collection, 
archiving and purification of nucleic acids from a wide variety of biological 
samples for PCR analysis. These samples include (but are not limited to) 
blood, buccal cells, tissue cultured cells, microorganisms, and plant tissue. 
FTA cards are impregnated with patented chemical formula that lyses cell 
membranes and denatures protein upon contact. FTA cards are available in 
several formats such as the Classic Card, Mini Card, Micro Card, and Gene 
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Card. Indicating FTA Cards varying from pink to white upon sample 
application and are also recommended for colourless samples. The use of FTA 
Cards, is simple and all that is needed is to apply sample (liquid or pressed 
tissue), air dry at room temperature, then remove a small disc (1.2mm or 
2.0mm, depending on application). The disc is then washed and used in PCR-
based analysis. 
3.7 Extraction of DNA 
Ninety nine genomic DNA samples were extracted at the 
International Central Lab, Ministry of Science and Technology (Souba) using 
phenol-chloroform method as described by Sambrook and Russel, (2001). The 
method requires two main steps. These are cell lysis and isolation of DNA. 
3.7.1 Cell Lysis 
Filter paper was cut by Harris Micro-Punch into four pieces each 
of 1.2 mm size. Each sample was put in 1.5ml eppendorf tube then 500µl STE 
– Buffer, 10 µl Proteinase K (10mg/ml), and 20 µl SDS (0.5%) were added. 
The tubes were then shaken 30 times and the mixture solution   was incubated 
overnight at 56 °C in a water bath. 
3.7.2 Isolation of DNA 
DNA was isolated from mixture solution in the overnight 
incubated 1.5ml eppendorf  tubes . The tubes were centrifuged at 12000U/min 
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for one min and the lysis was transferred into 1.5ml eppendorf tubes. 
Moreover 500µl phenol-chloroform -isoamylethanol (25: 24: 1 saturated with 
10mM Tris, 1mM EDTA  pH 8.0) was added and the tubes were shaken until 
the liquid was homogeneous. The tubes were centrifuged for 5 min at 
12000U/min. The upper phase (supernatant) from each tube was transferred 
into a new 1.5ml eppendorf tube and 45µl 3M Na-acetate solution, and 1ml 
99% Ethanol (ice-cold) were added. The tubes were gently shaken and left for 
15 min. The tubes were again centrifuged for 10 min at 12000U/m. A white 
pellet DNA at the bottom was seen. The liquid phase was gently removed and 
the DNA pellets were washed with 200 µl Ethanol (70%). The tubes were 
centrifuged for 10 min at 12000U/m. The liquid phase was gently removed 
and again the DNA pellets were washed with  200µl Ethanol (70%).  The 
tubes were again centrifuged for 10 min at 12000U/m and the liquid phase 
was gently removed. The tubes were then left open for 1-3 hrs till the DNA 
was dried, then the white dried DNA was stored in -20 °C. 
3.8 Handling of DNA 
The ninety nine dried DNA samples were packed into DNA boxes 
embedded with ice bags and transferred to the lab of Institute of Farm Animal 
Genetics, Friedrich-Loeffler-Institut, Hoeltystrasse 10, 31535, Neustadt-
Mariensee, Germany.  
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3.9 Samples Dilution 
Each of the ninety nine DNA samples stock was first diluted in 
50µl double distilled water and then measured; then 10µl from each DNA 
sample stock was taken and diluted with double distilled water according to 
the concentration of each sample to obtain 20 nanograms/µl to amplify PCR 
products. 
3.10 DNA Measurement 
 3.10.1 DNA Concentration  
 The concentration and purity of the extracted DNA was 
determined by spectrophotometer ((Nano Drop®: ND-1000 
spectrophotometer. htt://www.kisker-biotech.com.)  at waves length 
260/280nm. 
3.10.2 Agarose gel Electrophoresis  
Nineteen DNA samples were randomly selected for 0.8% agarose 
gel run to detect DNA bands. The mixture of agarose and 1×.TBE-buffer 
(agarose 0.96mg + 120ml 1×.TBE-buffer) were heated until the agarose was 
completely dissolved, cooled to 60 °C and then 60µl ethidium bromide was 
added. The gel was poured in gel tank and left to solidify, thus loading DNA 
on agarose gel (1µl DNA with 9µl loading buffer). The DNA was run on gel at 
80 volts for one hour, using standard molecular marker (1µl) and (9µl) loading 
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buffer. 
3.11 DNA polymorphism 
A set of 29 microsatellite markers (Table 3) were used to examine 
the genetic variability, twenty-eight of which are parts of the 30 microsatellites 
recommended by FAO (2004) in Measurement of Domestic Animal Diversity 
(MoDAD) Project for assessing chickens genetic diversity.  MCW80 is not 
included in FAO list but had been previously used together with some of FAO 
markers in multiplex reaction for the AVIANDIV populations. 
Polymerase chain reaction (PCR) was used to amplify the specific 
DNA fragments containing microsatellites. Two to five pairs of primers were 
run in one tube. Twenty nanograms of DNA, 10 pmol of forward primer 
labelled with either IRD700 or IRD800 (MWG-Biotech, Ebersberg, 
Germany), 10pmol of unlabelled reverse primer, and 1mM 
tetramethylammonium chloride were mixed in the PCR tube. The 
amplification protocol comprised of an initial denaturation of DNA and 
enzyme activation phase at 95 °C (15min), followed by 35 cycles of 
denaturation at 94 °C for (30 sec), primer annealing at temperatures varying 
between 58 °C and 64 °C for (90 sec) and extension at 72 °C for (1min) 
followed by final extension at 60 °C for (30 sec) using an automated thermal 
cycler (Mastercycler, Eppendorf, Hamburg, Germany). The DNA fragments 
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produced by amplification were visualized as bands on 8% polyacrylamide 
gel, which was performed with a LI-COR semi-automated DNA analyser (LI-
COR Biotechnology, Division, Lincoln, NE68504). Electrophoregram 
processing and allele-size scoring was performed with the RFLPscan software 
package (Scanalytics, Division of CSP, Billerica, USA). 
3.12 Statistical analysis 
3.12.1 Marker polymorphism and within population diversity 
Total number of alleles,  allele frequencies,  average number of 
alleles per locus, observed heterozygosity, expected  heterozygosity and 
inbreeding coefficients (FIS) for each  population across loci were determined  
using Microsatellite-Toolkit for excel (Park, 2001). The Weir and Cockerham 
(1984) estimations of Wright's fixation indices (FIT, FST and FIS) were 
calculated in order to quantify the partitioning of variance between and within 
populations. Standard errors for fixation indices were generated using 
Bootstrapping over loci and population using FSTAT (Goudet, 2001) software. 
3.12.2  Between population diversity 
Pairwise FST proportion of genetic variability due to population 
sub-structure and Nei's standard genetic distances (Nei, 1972) were obtained 
by using  FSTAT (Goudet, 2001) software package. 
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3.12.2.1 Assignment of individuals to populations 
The algorithm implemented in STRUCTURE software was used 
to cluster individuals based on multilocus genotypes (Pritchard et al., 2000). 
The analysis involved an admixture model with correlated allele frequencies. 
The model was tested using 20 000 iterations burn -in phase and 50 000 
iterations for 2≤  K ≤7 with 100 runs for each K value where K was the 
number of assumed clusters to be examined.  A pairs wise comparison was 
done by using SIMCOEFF software (Rosenberg et al., 2002). The solutions 
with over 95% similarity were considered identical. The most frequent 
solution was considered to be the probable clustering visualized by using 
DISTRUCT software (Rosenberg, 2004). Clustering was done in two data 
sets, the full set of all populations under study and the Sudanese chicken 
populations only (Figures 1&2). The Sudanese samples included five 
populations collected in the current project, and the chickens sampled by 
Shamseldin, (2006). 
3.12.2.2 Estimation of the optimal number of cluster in structure 
In STRUCTURE (Pritchard et al., 2000) a number of statistics are 
produced to indicate the reliability or likelihood of a particular clustering 
given K the log likelihood of the clustering and the alpha-value. However, 
these statistics show a tendency to increase with increasing K, resulting in the 
47 
 
highest likelihood for K = N, where N is the number of populations in a data 
set. To determine the optimum number of clusters, a kind of second derivative 
method was constructed by Evanno et al.,  (2005). This method was tested in a 
variety of simulated population structures (island model, hierarchical island 
model and contact zone model) and was shown to successfully signal the 
number of clusters simulated. In the present study this method was applied to 
the data generated for 18 populations of poultry in 100 runs of STRUCTURE 
at each value of K= 2-7 in order to determine the clustering that best classifies 
these populations. 
The second derivative estimator introduced by Evanno et al. (2005) is given as 
(1) ( ) ( ) ( ) ( )112L +KLKLK=K'L' −−−  
Where L(K) is the loglikelihood of the solution for K = X averaged over the 
number of runs at K = X. 
Because it has been observed that the standard deviation of L(K) tends to 
increase dramatically with increasing K the statistic L’’ is divided by the 
(empirical) standard deviation of L(K) to obtain the final estimate: 
 
(2) ( )( )[ ]KLσ
K'L'=∆K  
 
Because in the present study some outliers were detected in the distribution of 
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loglikelihoods for a given value of K, the runs that deviated from the mean 
loglikelihood with more than 3 standard deviations were removed from 
analyses. All removed runs showed a loglikelihood that deviated downwards 
from the mean, indicating that these were runs stuck on a local optimum. 
3.12.2.3 Marker estimate kinships 
Similarity indices between and within populations were 
calculated from allele frequencies using Malecot's definition of similarity 
(Eding and Meuwissen, 2001). A network tree was constructed from the MEK 
using Splits tree 4 software package (Hudson and Bryant, 2006). 
 
 
 
 
 
 
 
 
 
Chapter Four 
Results 
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4.1 Genetic diversity within and between populations 
Genetic diversity has been defined as the variety of alleles and 
genotypes present in a population and this is reflected in morphological, 
physiological and behavioural differences between individuals and 
populations (Frankham et al., 2002). Table 3 shows the number of alleles, 
range of allele sizes (bp) and F-statistics For the 29 microsatellite loci 
examined in the six Sudanese native chicken populations. The results obtained 
from this study indicated that the total number of alleles was 201 across all the 
six Sudanese chicken populations. All microsatellite loci typed were 
polymorphic and the average number of the alleles observed per locus was 
6.93, while the number of alleles ranged from three [(MCW103), (MCW098), 
(MCW248), (MCW165) to 17 (LEI234)].  
Table 4 shows Nei's estimation of observed heterozygosity and 
expected heterozygosity, mean number of alleles per population and F-
statistics over all loci in the six Sudanese native chicken populations, African 
breeds and commercial. The average number of alleles per locus population 
was found to be 5.3; this value is greater than that of the pure commercial 
breeds which was 3.18 but lower than that of the African breeds which was 
6.28. 
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Table 5 shows the observed heterozygosity and expected 
heterozygosity  within the six Sudanese native chicken populations. The 
average observed heterozygosity across all 29 loci was  0.524  (Table 4) 
ranging between 0.461±0.023 for (LBZ) and 0.578±0.022 for (BNOb), while 
the average expected heterozygosity was 0.552 ranging between 0.507±0.031 
for (LBZ) and 0.581±0.026  for (BNOb). Regarding the inbreeding coefficient 
(FIS) within populations (Table 5) the lowest estimate (0.005) was obtained for 
BNOb while the highest one (0.093) was found for LBZ.  
The fixation indices (FIT, FST, FIS) for each locus across all 
populations are presented in Table ( 4). The mean of the fixation coefficient of 
sub-population over the six Sudanese native chicken populations measured as 
the  FST value was 0.026±0.049. This value is slightly greater than the value 
obtained for African populations (0.013±0.024). However,  both of them are 
lower than the value  reported for purebred lines (0.317±0.403). The Mean 
inbreeding coefficient  FIS was found to be 0.036±0.076 in the six Sudanese 
native chicken populations this value was lower than the value found in 
African populations (0.059±0.0104)  but greater than the value found in 
purebred lines (0.007±0.066).  
Table 3. Number of alleles, range of allele sizes (bp) and F-
statistics, for each of 29 microsatellite markers in six Sudanese 
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chicken populations. 
 
 
Locus 
No of alleles 
per locus 
Range of allele 
sizes (bp) 
 
FIT 
 
FST 
 
FIS 
MCW0103 3 262-274 0.099 0.040 0.060 
MCW0295 9 88-108 0.115 0.018 0.099 
MCW0222 4 220-226 0.148 -0.007 0.154 
ADL0268 6 104-116 0.059 0.038 0.022 
MCW0183 11 296-326 0.088 0.026 0.064 
MCW0014 6 160-182 -0.052 -0.003 -0.050 
MCW0067 5 176-190 0.195 0.119 0.086 
MCW0098 3 261-265 -0.031 0.061 -0.098 
LEI0166 4 350-366 0.152 0.037 0.120 
MCW0069 8 156-176 0.095 0.020 0.076 
MCW0081 7 114-145 0.113 0.010 0.104 
ADL0112 6 124-134 0.105 0.064 0.044 
MCW0034 10 214-246 0.100 0.032 0.071 
MCW0111 6 98-114 0.170 0.028 0.146 
MCW0078 5 135-145 0.073 0.040 0.034 
MCW0206 7 221-249 0.074 0.019 0.056 
LEI0094 16 245-289 0.123 0.048 0.079 
MCW0248 3 211-223 0.002 0.012 -0.010 
LEI0234 17 216-368 0.115 0.079 0.040 
MCW0330 7 258-298 0.127 -0.005 0.131 
continue
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MCW0016 9 170-204 -0.013 -0.006 -0.007 
MCW0104 11 190-228 0.132 0.061 0.076 
MCW0020 4 179-185 0.046 0.042 0.005 
MCW0165 3 114-118 0.165 0.115 0.056 
MCW0123 7 76-94 0.067 0.023 0.045 
ADL0278 6 114-123 0.067 0.036 0.032 
MCW0037 5 154-159 0.154 0.040 0.118 
MCW0080 9 266-282 0.042 0.017 0.025 
MCW0216 5 137-149 -0.038 0.009 -0.047 
Mean 6.93  0.092 0.037 0.057 
 
FIT, FST and  FIS  = Total inbreeding coefficient, inbreeding of subpopulation relative to the 
total population and inbreeding coefficient respectively.     
   
 
 
 
 
 
 
 
 
 
Table 4  Nei's estimation of expected  heterozygosity, observed 
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heterozygosity and mean number of alleles per locus  and F-
statistics over all loci. 
 
HE, HO FIT, FST and  FIS  = Expected heterozygosity, observed heterozygosity, Total of 
inbreeding coefficient, inbreeding of subpopulation relative to the total population and 
inbreeding coefficient respectively.     
   
   
 
 
 
 
 
 
 
Table 5. Mean number of alleles per locus, mean of estimates of expected 
population HE HO No of alleles 
per locus 
 FIT ± SE  FST ± SE  FIS ± SE 
Sudanese 
breeds 
0.552 0.524 5.3 0.069±0.112 0.026±0.049 0.036±0.076
African  
breeds 
0.646 0.595 6.28 0.074±0.121 0.013±0.024 0.059±0.104
Commercial 
breeds 
0.439 0.424 3.18 0.336±0.428 0.317±0.403 0.007±0.066
Over all 
mean 
0.546 0.514 - 0.187±0.237 0.137±0.177 0.050±0.083
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(HE.), observed (HO) heterozygosity and FIS estimates for six Sudanese 
chicken populations. 
 
Population 
Samples 
size 
No of alleles 
± SD FIS HE ± SD HO ± SD 
LBDa 17 4.76 ± 2.0 0.054 0.560 ± 0.024 0.531 ± 0.023 
LBZ 16 4.10 ± 1.4 0.093 0.507 ± 0.031 0.461 ± 0.023 
BT 36 5.00 ± 2.0 0.040 0.562 ± 0.028 0.540 ± 0.015 
BNAb 18 4.62 ± 2.1 0.032 0.535 ± 0.031 0.518 ± 0.022 
BNOb 12 4.00 ± 1.6 0.005 0.581 ± 0.026 0.578 ± 0.027 
BAL 48 5.62 ± 2.5 0.081 0.561 ± 0.025 0.517 ± 0.013 
 
LBDa, LBZ, BT, BNAb, BNOb and BAL are Large Beladi Damazein, Large Beladi 
Zalingei, Betwil form Nuba Mountains, Bare Neck Abu Naama,  Bare Neck El-Obied and 
Large Beladi from Khartoum State respectively. 
 
 
 
 
 
 
 
 
 
 
 
4.2 Genetic distance 
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Table 6 shows the marker estimated kinship within and between 
the six Sudanese chicken populations (above diagonal) and pairwise (FST ) is 
shown below the main diagonal . Kinship (f): is defined as the probability that 
alleles are copies from the same ancestor are identical by descent. The 
smallest within and between population kinship was for BAL vs LBZ (o.ooo) 
and the highest kinship value was found for LBZ vs LBZ (0.1585). The 
pairwise  fixation coefficient of sub-populations (FST) for all combinations of 
six Sudanese chicken populations revealed that the smallest genetic distance 
value (0.0057) was obtained  for LBDa vs BNAb and the largest genetic 
distance value (0.1142) was found for LBZ vs BNAb. 
 
 
 
 
 
 
 
 
 
Table 6. Marker estimated kinship within and between Sudanese 
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chicken populations (above the diagonal) and Pairwise FST (below the 
diagonal) for Sudanese chicken populations. 
 
Pop BAL LBDa LBZ BT BNAb BNOb 
BAL 0.0633 0.0433 0.0000 0.0281 0.0533 0.0429 
LBDa 0.0081 0.0692 0.0045 0.0386 0.0487 0.0475 
LBZ 0.1054 0.0975 0.1585 0.0207 0.0421 0.0277 
BT 0.0304 0.0112 0.0756 0.0614 0.0363 0.0463 
BNAb 0.0075 0.0057 0.1142 0.0257 0.0908 0.0448 
BNOb 0.0134 0.0072 0.0795 0.0072 0.0197 0.0938 
 
BAL, LBDa, LBZ, BT, BNAb, and BNOb are Large Beladi from Khartoum, Large Beladi 
Damazein, Large Beladi Zalingei, Betwil form Nuba Mountains, Bare Neck Abu Naama,  
Bare Neck El-Obied respectively. 
Kinship (f): Prob. allele copies from the same ancestor identical by descent (IBD). 
Rest similarity (s): Prob. alleles are copies, but not IBD. 
 
 
 
 
 
 
 
 
4.3 Cluster analysis 
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The genetic STRUCTURE clustering is displayed in Figure 2.  
The result indicated that at lower numbers of assumed clusters (K = 2), the six 
Sudanese native chicken populations clustered together with the five 
Zimbabwe chicken populations, Malawian chicken population and two broiler 
lines, whereas at this cluster number (K = 2) the two white egg layer lines and 
the two brown egg layer lines were clustered in one group. At K = 3 the most 
frequent solution (N = 29)  the six Sudanese native chicken populations split  
into distinct gene pools from African chickens while the broiler lines were still 
clustered with African chickens (Zimbabwian and Malawian chickens). At K = 
4, the white egg layers and the brown egg layers split from each other. The 
most stable solutions with the higher similarity coefficient (97 and 99 identical 
runs) were observed at K = 5 and K = 6, respectively. At K = 5, the purebred 
lines (the white egg layers, brown egg layers and broilers) and the six 
Sudanese native chicken populations clustered into four distinct clusters and 
were separated from the African gene pool. At K = 6, the Sudanese native 
chicken, Malawian chicken, and purebred chicken lines were considered as 
independent clusters whereas the five Zimbabwe eco-types gave one cluster. 
At K=7 and above (i.e. K=8, 9…) similarity coefficients dropped dramatically. 
The purebred lines and Malawi chickens remained as distinct clusters, while 
the five Zimbabwe eco-types were randomly assigned as one population. Also 
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at those K values (i.e. K=7, 8, 9…) the six Sudanese chicken populations were 
assigned as one population without showing any sub-structuring between eco-
types or breeds. Furthermore, the results of the structure clustering which are 
displayed in Figure 3 indicated that they do not form separate clusters 
suggesting the non-existence of a population sub-structure.  
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Figure 2: STRUCTURE clustering of Sudanese native chickens in 
reference to the extensively raised chickens (Zimbabwian and 
Malawian) and purebred lines (broilers, white and brown egg 
layers). 
Key: 
LBZ = Large beladi from Zalingei; LBDa = Large beladi Dammzein; BAL = Large beladi 
Khartoum; BNAb =  Bare Neck Abu Naama;  BNOb = Bare Neck Obeid;  BT =  Betwil are 
six Sudanese populations; ZA, ZB, ZC, ZD, ZE = five Zimbabwe eco-types; MA = Malawi; 
BRS_A = broiler sire line A; BRD_A = broiler A; BL_A = brown egg layer line A; BL_C 
brown egg layer line C; white egg Layer experimental line and WL_A = white egg layer 
line A. 
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Figure 3: STRUCTURE clustering of Sudanese native chickens 
only. 
 
Key: 
LBZ = Large beladi from Zalingei; LBDa = Large beladi Dammzein; BAL = Large beladi 
Khartoum; BNAb =  Bare Neck Abu Nuaama;  BNOb = Bare Neck Obeid;  BT =  Betwil 
are six Sudanese populations 
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Figure 4 Estimation of the optimal number of cluster in structure. 
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4.4 Number of clusters 
Figure 4 displays the estimation of the optimal number of clusters 
in structure of the loglikelihoods for subsequent values of K in a model based 
clustering of 18 populations of chickens encompassing commercial lines, 
Sudanese, Zimbabwian and Malawian chicken  populations.  K = 5 and  K = 6 
are the most stable solutions. 
4.5 Network tree 
Figure 5 represents the Network tree derived from marker 
estimated kinships. The clustering indicated the separation of broiler lines 
from the layer lines, with the African populations being clustered in between. 
On the other hand LBZ was separated with Long branch length from other 
Sudanese native chicken populations, this result displays some geographical 
trend. 
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Figure 5: Network tree derived from marker estimated kinships.  
*continue 
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Key: 
LBZ = Large beladi from Zalingei; LBDa = Large beladi Dammzein; BAL = Large beladi 
Khartoum; BNAb =  Bare Neck Abu Naama;  BNOb = Bare Neck Obeid;  BT =  Betwil are 
six Sudanese populations; ZA, ZB, ZC, ZD, ZE = five Zimbabwe eco-types; MA = Malawi; 
BRS_A = broiler sire line A; BRD_A = broiler A; BL_A = brown egg layer line A; BL_C 
brown egg layer line C; white egg Layer experimental line and WL_A = white egg layer 
line A. 
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Chapter Five 
Discussion 
Microsatellite markers are now widely used in the genetic appraisal 
of several species populations including chickens. Because of the relative ease 
of scoring and ability to exhibits high polymorphisms as well as higher 
heterozygosities, its application as a genetic appraisal tool is quite significant. 
Recent information in literature have revealed that microsatellite markers are 
useful in determining not only heterozygosity and estimating genetic distances 
among closely related species but also suitable for measurement of genetic 
parameters such as number of effective alleles as well as the polymorphism 
information content in populations and can also detect rare alleles (Bartfai et 
al., 2003; Shen, 2004; Chen et al., 2004). 
The assessment of genetic diversity of six Sudanese native chicken 
populations using 29 microsatellite markers showed that all the loci were 
polymorphic. This result displays the usefulness of microsatellite markers. 
Microsatellites are co-dominant, highly polymorphic markers and commonly 
used for assessing wide genetic diversity (Baumung et al., 2004; Soller et al., 
2006). The total number of alleles in this study was 201 and the mean number 
of alleles observed in the six Sudanese native populations was 6.97±3.52; 
these results are greater than, those of Malawian chickens which possessed 
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171 alleles, with the average number of 5.9±2.79 alleles per locus (Muchadeyi 
et al., 2005). However,  Granevitz et al., (2007)  and Muchadeyi et al., (2007) 
using 29 microsatellite markers reported   an average number of alleles per 
locus of 11.4 and 8.4, respectively. These findings are relatively higher 
compared to the results of this study which was 6.93±3.52. This variation in 
number of alleles per locus may be due to sample size such that the sampling 
strategies of each study should be taken into consideration when comparing 
results from different studies. Allelic diversity does not take into consideration 
the allele frequencies. Different markers have different levels of 
polymorphisms. It is therefore difficult to compare the number of allele/locus 
between studies where different microsatellite loci were used. These 
weaknesses can be overcome by adopting internationally recommended 
markers such as those suggested in the MoDAD (FAO) project and standard 
alleles to adjust for allele scoring between laboratories (Toro and Caballero, 
2005). 
Both expected and observed heterozygosity estimates for the six 
Sudanese native chicken populations were low compared to African breeds 
(Table 4) and higher than those of the purebred lines  Crawford, (1990) and  
Hillet et al (2003) studied the biodiversity of 52 European chicken populations 
by exploiting 22 dinucleotide microsatellite markers and they found that the 
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average gene diversity was 0.48. 
The Sudanese native chicken which has been raised under extensive 
system of production is highly polymorphic compared to purebred lines (Table 
4). This agrees with the findings reported by Wimmers et al. (2000); Hillel et 
al. (2003) and De Marchi et al. (2006) in which wild and extensively raised 
chickens were found to be more genetically diverse. On the other hand the 
level of gene diversity obtained in this study (Table 4 and 5) was low when 
compared to those chicken from the same African extensive production system 
assuming that the Sudanese native chickens has been exposed to various levels 
of natural selection pressures. The disease challenges are a major selection 
pressure in village chicken production. Bacterial, viral, fungal, parasitic and 
nutritional diseases have been observed to be prevalent in Zimbabwe (Kusina 
et al., 2001; Chitate and Guta, 2001) and most village chicken production 
systems in Africa (FAO/IAEA, 2002). 
 The smallest within and between population kinship was found for 
BAL vs LBZ (o.ooo) and the highest kinships value was found for LBZ vs 
LBZ (0.1585). If the within and between population is smaller, consequently 
the conserved diversity is larger (Kor Oldenbroek, 2007). That means if we 
need to choose two of these populations for conservation based on Marker 
estimated kinships, the priority of choice would be for the pair (BAL vs LBZ) 
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with the smallest MEK instead of (LBZ vs LBZ).  
Population differentiation as determined from pair-wise FST   values 
between  all combinations of six Sudanese chicken populations (Table 6) were 
low. The smallest genetic distance was obtained for LBDa vs BNAb and the 
largest distance was found for LBZ vs BNAb; these two patterns of distances 
represent some genetic distance according to geographic location (eco- type).  
If we need to choose two of these populations for conservation based on these 
distances the priority of choice would be the pair for LBZ vs BNAb with the 
largest genetic diversity.  
The inbreeding coefficient (FIS) is another measure used to describe 
within population diversity particularly for microsatellite markers (Balloux 
and Moulin, 2002). Moreover, FIS measures the correlation of gene within 
individuals belonging to the same subpopulation. The inbreeding coefficient 
(FIS ) within the six Sudanese native chicken populations (Table 4) indicated 
variation in random mating within these six population; this may be due to 
small flock size, natural selection forces due to harsh conditions including 
diseases and poor management. Estimated from empirical data, FIS assesses 
whether there is random mating within samples and gives an indication of 
whether individuals have been sampled from one or several populations 
(Balloux and Moulin, 2002). 
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Structure based clustering further supports the low level of 
differentiation among the Sudanese native chicken (Figure 2&3). The lack of 
observed sub-structuring among Sudanese native chicken populations at K 
value = 6 suggests that the Sudanese indigenous chickens are essentially from 
one population. However, this finding was not observed with Wright’s fixation 
indices (Table 4) which showed sub-structuring according to breeds and 
geographic location (eco- type). The separation of the Sudanese native 
chickens at K≤3 from the African gene pool and purebred lines emphasises 
the distinctiveness of the Sudanese native chickens. The splitting of Sudanese 
native chickens from Malawian and Zimbabwian at a lower K value (K=3) and 
splitting of Malawian chickens from Zimbabwian eco-types at (K=6 ) show 
some geographical trend.   
Analyzing the Sudanese native chicken populations only indicated 
that they do not form separate clusters suggesting the non-existence of a 
population structure as displayed in (Figure 2and 3). This result agrees with 
earlier findings about Zimbabwian chickens reported by Muchadeyi et al., 
(2007). 
Figure 4 illustrated that the estimation of the optimal number of 
cluster in STRUCTURE given indicates the reliability or likelihood of a 
particular clustering. However, at K = 5 and K = 6 which are the most stable 
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solutions the higher similarity coefficient (97 and 99 identical runs) were 
observed respectively. 
Figure 5 illustrates the genetic distances and confirms the 
structure results displayed in figure 2; moreover, the clustering in the Network 
tree derived from marker estimated kinships indicates the separation of broiler 
lines from the layer lines, with the African populations clustered in between. 
LBZ was separated with a long branch length from other Sudanese native 
chicken populations with short branch lengths. This result displays some 
geographical trend. 
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Conclusions and Recommendations 
Conclusions 
The conclusions to be drawn from this study are as follows:- 
(i) The Sudanese native chicken as a whole is highly genetically 
diverse. 
(ii) At the autosomal level, the Sudanese native chickens are 
genetically separated from chicken populations from Malawi, 
Zimbabwe and six purebred lines.  
(iii) Investigation of Sudanese native chickens using microsatellites 
revealed the absence of population sub-structuring. 
Implications and Recommendations 
(i) The usefulness of genetic characterization of population structure 
of indigenous chickens is improved by including data from 
several countries. 
(ii) Assessment of chicken population structures should be conducted 
using sufficient sample size and possibly with common markers 
to allow unbiased comparisons. The use of standard alleles would 
make it possible to adjust for allele scoring between laboratories. 
(iii) The high genetic diversity in Sudanese native chicken 
populations bears positive implications for both breeding 
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programs and conservation of poultry genetic diversity. 
Appropriate breeding programs should be designed taking  into 
consideration farmers interest. 
(iv) Well designed selection programs will most likely yield good 
results in view of the high level of within population diversity. 
(v) The aim of breeding programs should be to produce a flexible 
breed that produces enough meat and eggs under the harsh 
extensive production systems that prevail in rural Sudan.  
(vi) The high number of alleles might give a high priority to the free 
range chicken of Sudan for conservation (Simianer, 2005). 
Individuals for conservation from Sudanese native chicken can be 
sampled from any one of the six populations.   
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